Abstract
Introduction

Acute pancreatitis (AP) is a potentially fatal clinical condition caused by a rapid onset inflammation of the pancreas. AP may be induced by injury of pancreatic acinar cells, which are cells that
produce digestive enzymes [1, 2] . It is widely thought that premature activation of these digestive enzymes within the pancreas, particularly trypsinogen, leads to auto-digestion of the organ and cause subsequent inflammatory response [2, 3] . Exposure of isolated pancreatic acinar cells with supramaximal doses of caerulein has been reported to mimic many responses that resemble AP, including the production of pro-inflammatory mediators [1] .
Mechanisms that regulate the severity of the inflammatory response have not been clearly understood so far.
Neuropeptides have frequently been linked with the progression of AP, those implicated included, but not limited to, ghrelin, galanin and substance P (SP) [4] [5] [6] .
SP is an 11-amino acid peptide and is the product of the preprotachykinin-A (PPT-A) gene. SP is a well-recognized mediator of neuro-immune interaction and plays a pathogenic role in immune and inflammatory disorders.
SP is found in the pancreas and is involved in the mediation of neurogenic inflammation in AP. In earlier reports, the use of PPT-A knockout mice and neurokinin-1-receptor (NK1R) antagonism
were found to have a less severe form of AP and its associated lung injury [7, 8] . In mouse macrophages and pancreatic acinar cells, SP was found to promote inflammatory responses by upregulating pro-inflammatory cytokines and chemokines [9, 10] . Recently, SP and its receptor, NK1R is expressed and have been shown to be up-regulated in caerulein stimulated mouse pancreatic acinar cells [11, 12] . The up-regulation of SP levels was found to mediated via the cholecystokinin (CCK) receptor, CCKA [11] .
Although the expression of SP is relatively low in pancreatic acinar cells when compared to neurons, its local effect and a large amount of pancreatic acinar cells in the pancreas might be a significant contributor of SP mediated inflammation in AP.
The molecular mechanism by which caerulein exerts its effects is now becoming clearer. In recent years, the role of protein kinase C (PKC) has been extensively studied in the pathogenesis of AP.
There are more than 10 isoforms of PKC divided into three different classes, namely, conventional, novel and atypical PKC. The conventional PKC isoforms ␣, ␤ and ␥ are regulated by Ca 2ϩ and diacylglycerol (DAG). On the other hand, novel PKC isoforms ␦, ⑀, and respond to DAG, but do not involve Ca 2ϩ . The atypical PKC isoforms , / and are different as their activation does not need the presence of Ca
2ϩ and DAG [13] . In the pancreatic acinar cells, the conventional PKC-␣ and novel PKC-␦, ⑀ and atypical isoforms had been identified [14] . In general, the activation of PKC is characterized by the phosphorylation of the molecule, followed by translocation of distinct intracellular compartments in which it performs its specific function [15] . [16] , regulates protease activation [17] and also modulates inflammatory molecule expression in the pancreatic acinar cells [18] . [20, 21] . All chemicals were purchased with the highest purity available.
Materials and methods
Animals and chemicals
Preparation of pancreatic acini
Pancreatic acini were obtained from mouse pancreas by collagenase treatment as described previously [7] . Briefly 
SP extraction and detection
Treated pancreatic acinar cells were homogenized in ice-cold SP assay buffer and SP was concentrated by adsorbing on C18 cartridge columns (Bachem) as described previously [8] . The adsorbed peptides were eluted with 1. 
Whole cell lysate preparation and Western blot analysis
Statistical analysis
The data were expressed as the mean Ϯ S.E.M. (Fig. 1B) . On the other hand, PKC-␦ remained phosphorylated throughout the studied time course (Fig. 1C) . HPRT was used as an internal control for this experiment. (Fig. 2A) . However, Gö6976 does not inhibit PKC-␦ at the concentrations used (Fig. 2B) . On the other hand, rottlerin (IC50 ϭ 3 M) significantly inhibited PKC-␦ phosphorylation even at a low concentration of 1 M (Fig. 2C) . Rottlerin pre-treatment also showed a very small decrease of PKC-␣ activation when compared to the caerulein-treated group but they are far from statistical significance (Fig. 2D) Fig. 2A-D (Fig. 4A) . However, the increase is modest (1. Fig. 5A-D) . Furthermore, rottlerin treatment strongly inhibits JNK phosphorylation such that the rottlerin-treated groups fell below control levels (Fig. 5D) . However, this decrease in JNK phosphorylation was not statistically significant in our study. to perform Western blot, and the results shown a significant increase in IB phosphorylation, which was attenuated with Gö6976 or rottlerin pre-treatment (Fig. 6A) . NK1R with pharmacological inhibitors [7, 8] -dependent PKC isozyme inhibitor, and therefore it was used to block the actions of PKC-␣ in our study [20] . Rottlerin [11] . The role of NF-B was also shown directly by using a specific NF-B inhibitor, Bay11-7082 [11] . [35] [36] [37] [38] . However, there are reports suggesting PKC-independent activation of NF-B [39, 40] . Results from a study from Holden et al. suggested 
Effect of Gö6976 and rottlerin on PKC-␣ and PKC-␦ phosphorylation
8-fold, P ϭ 0.01). Pre-treatment with either Gö6976 or rottlerin inhibited this increased expression of NK1R protein (Fig. 4C and E). Generally, there is a slight concentration dependant inhibitory effect observed for the experiments done, as there was a more complete inhibition when higher concentrations of inhibitors were used.
Fig. 2 The effect of rottlerin and Gö6976 on PKC-␣ and PKC-␦ phosphorylation. Pancreatic acinar cells were pre-treated with Gö6976 (1-10 nM) or rottlerin (1-10 M) for 45 min. before caerulein (10 Ϫ7 M) stimulation for 15 min. Whole cell lysates were prepared and 50 g of protein were fractionated on 10% SDS-PAGE gels for Western blot analysis of phospho-PKC-␣ (Thr638), phospho-PKC-␦ (Thr505) and HPRT. (A) Effect of Gö6976 on PKC-␣ phosphorylation. (B) Effect of Gö6976 on PKC-␦ phosphorylation. (C) Effect of rottlerin on PKC-␦ phosphorylation. (D) Effect of rottlerin on PKC-␦ phosphorylation. Results are expressed as means Ϯ S.E.M. from six independent experiments. *P Ͻ 0.05, versus control, #P Ͻ 0.05 versus caerulein.
PKC-␣ and PKC-␦ are involved in caerulein-induced ERK1/2 and JNK activation in mouse pancreatic acinar cells
The role of PKCs in caerulein-induced SP/NK1R activation was further studied by looking at possible downstream signalling molecules. Our previous results have shown that the up-regulation of SP and NK1R involves the activation of the MAP kinases ERK1/2 and JNK [11]. To determine if PKC-␣ and PKC-␦ are involved in the activation of ERK and JNK, pancreatic acinar cells were treated with Gö6976 (1-10 nM) or rottlerin (1-10 M) followed by caerulein stimulation. Western blot analysis of whole cell lysates revealed that ERK1/2 and JNK were significantly activated after stimulated with caerulein. Our results also showed that both Gö6976 and rottlerin inhibited the phosphorylation of ERK1/2 and JNK (
Inhibition of PKC-␣ and PKC-␦ attenuates caerulein induced NF-B and AP-1 activation in mouse pancreatic acinar cells
We examined the effect of Gö6976 and rottlerin on transcription factor NF-B and AP-1 in isolated pancreatic acinar cells. Nuclear fractions of treated cells were extracted. DNA-binding activity was performed with an ELISA based method using nuclear fractions. Treatment of caerulein for 60 min. significantly increased NF-B and AP-1 DNA-binding activity and this increase is attenuated by pre-treatment of cells with Gö6976 or rottlerin (Fig. 6B and C). Due to a small difference observed in NF-B DNA-binding activity, we used an indirect method, the phosphorylation of IB, to further confirm NF-B activation. Whole cells lysates were used
The trend of IB phosphorylation correlated with NF-B-binding activity, confirming the role of PKC-␣ and PKC-␦ in the activation of transcription factor NF-B.
Discussion
It is becoming clear that the interaction between SP and NK1R is involved in pro-inflammatory reactions in AP. This is clearly shown by knocking out of the PPT-A gene, as well as antagonism of
In this study, we found that PKC-␣ and PKC-␦ activation is necessary for the activation of MAPKs, and therefore it is logical to speculate that PKCs are located upstream of NF-B and AP-1. Both Gö6976 and rottlerin has been shown frequently to inhibit the activation of NF-B and AP-1 in various models
